ABSTRACT A Þeld experiment was conducted in Stoneville, MS, during 2010 and 2011 to investigate the impact of varietal maturity, planting date, and insecticide application on tarnished plant bug, Lygus lineolaris (Palisot de Beauvois), populations and damage in cotton. Four planting dates were selected to encompass the cotton-planting period in Mississippi. An early and late maturing variety were planted at each planting date, and each variety and planting date combination was either sprayed or unsprayed for tarnished plant bugs. Plots were sampled weekly from Þrst square until physiological maturity. Plots were harvested at the end of the season. Early planting dates had lower densities of tarnished plant bug and required fewer insecticide applications than the later planting dates. Mid-April to early May planting dates sustained less yield loss from tarnished plant bug than mid-May to late-May planting dates. Tarnished plant bug had less impact on yield of the early maturing variety than on the late maturing variety. The sprayed plots yielded more than unsprayed plots. These data demonstrate that later plantings of cotton in the Mississippi Delta are likely to experience yield losses from tarnished plant bug and need to be sprayed more compared with early cotton plantings. As a result, growers should manage their crop for earliness through planting date and varietal selection.
Cotton, Gossypium hirsutum L., production in the midsouthern United States has decreased in recent years because of low commodity prices and rising input costs. In 2006, there were nearly 500,000 planted hectares of cotton in Mississippi, but this had fallen to 123,500 ha by 2009 (National Agricultural Statistics Service [NASS] 2012). Current input costs include technology fees associated with transgenic seed varieties, seed treatments for early season insect and disease control, increased weed control costs because of herbicide-resistant weeds, higher fuel and fertilizer costs, and costs of control for insect pests. Combined, these input costs make cotton less proÞtable, more risky, or both, than alternative crops to growers.
Tarnished plant bug, Lygus lineolaris (Palisot de Beauvois), is the most important insect pest of cotton in Mississippi. During 2011 in the Mississippi Delta region, a single application of an insecticide for tarnished plant bug averaged US$34.25/ha (Williams 2012) . Growers in this region averaged seven applications, resulting in nearly US$240/ha cost of control for tarnished plant bugs alone. Resistance in tarnished plant bug to commonly used insecticides contributes to the current control issues. Resistance to the pyrethroid class of insecticides was Þrst documented in Þeld populations of tarnished plant bug in Mississippi in 1992 (Snodgrass 1996) . Snodgrass et al. (2009) also documented resistance to acephate in Þeld populations of tarnished plant bug in Mississippi. Because of the increased input costs, an integrated approach that incorporates insecticides with other control methods is needed for sustainable management of tarnished plant bugs in the Mississippi Delta.
Early maturing varieties were often recommended to minimize the impacts of late season boll weevil, Anthonomus grandis grandis (Bohemann), and pyrethroid-resistant tobacco budworm, Heliothis virescens (F.) (Luttrell 1994) . However, the boll weevil eradication program has eliminated the boll weevil, an economic pest of cotton, from most areas of the United States (Williams 2012) . Similarly, the introduction of cotton expressing genes from Bacillus thuringiensis (Bt) that code for the insecticidal protein Cry1A(c) in 1996 signiÞcantly reduced the impact of the tobacco budworm in cotton (Williams 2012) . Bt cottons provide complete control of tobacco budworm, and no supplemental foliar insecticide applications have been needed for tobacco budworm on Bt cotton (Williams 2012) . As a result, the need for early maturing varieties declined and longer season varieties are currently more common than they were in the 1990s (Luttrell et al. 1986 , Dodds et al. 2011 . One of the more common early maturing cultivars in the mid-south region is ÔDP 0912Õ (Delta and Pine Land Co., Scott, MS). Two of the more common late maturing cultivars are ÔDP 0949Õ and ÔDP 1050Õ (Delta and Pine Land Co.). There is an approximate difference of 10 Ð14 d in the length of time from planting to maturity (Dodds et al. 2011) .
Cotton is a perennial shrub managed as an annual crop with an indeterminate growth habit (Landivar and Benedict 1996) . This indeterminate growth results in an extended fruiting period compared with other cultivated crops. As a result, cotton is more susceptible to economic damage from insect pests such as tarnished plant bug that prefer to feed on ßowering plants. In some cases, the nature of the long fruiting period of cotton can allow for compensation from early season Lygus damage in some areas where they are not a season long pest (Brook et al. 1992 ). In the mid-south, tarnished plant bugs are present throughout the entire squaring and ßowering periods of cotton. This decreases the likelihood of compensation later in the season because plant bugs are still present at levels above the economic threshold (Gore et al. 2012) . Reducing the amount of time spent ßowering through varietal maturity selection could be beneÞcial in the management of tarnished plant bug. In the absence of late season insect pests, later maturing varieties tend to produce higher yields than earlier maturing varieties (Thaxton et al. 2007) . Given the current level of insecticide resistance in tarnished plant bug, varietal maturity and planting date are two cultural methods that need to be investigated to help minimize losses from tarnished plant bug infestations.
Materials and Methods
To determine the impact of planting date and varietal maturity on tarnished plant bug management, an experiment was conducted in Stoneville, MS, at the Delta Research and Extension Center in 2010 and 2011. The experiment was a split-split block design with four replications. Planting date served as the main plot factor and included four timings during the recommended time frame for planting cotton in Mississippi (mid-April, early May, mid-May, and early June). The four planting dates used in 2010 were 20 April, 6 May, 19 May, and 2 June. The four planting dates used in 2011 were 14 April, 29 April, 15 May, and 31 May. Cotton varietal maturity served as the subplot factor and included an early maturing variety (Deltapine 0912B2RF [Delta and Pine Land Co.] ) and a mid-late maturing variety (Deltapine 0949B2RF [Delta and Pine Land Co.]). Cotton varieties expressing two Bt genes were used to minimize the impact of lepidopteran pests on Þnal cotton yields. The subsubplot factor was two levels of tarnished plant bug control. These levels included untreated for tarnished plant bug and treated for tarnished plant bug. The treated plots were sprayed as needed based on economic thresholds listed in the current insect control guide (Catchot 2010 (Catchot , 2011 , with insecticides and insecticide mixtures designed to maximize the level of tarnished plant bug control. Insecticides included organophosphates, neonicotinoids, and pyrethroids either applied alone or as tank mixtures at their maximum labeled rates. Application decisions were based on the average tarnished plant bug density of all four replications for a particular planting date and variety treatment. Each subsubplot was eight rows by 23 m in length. Each variety was planted at 113,668 seeds/ha into raised conventional tilled beds with 1.02 m row spacing. Seed were treated with a commercial premix of thiamethoxam, abamectin, azoxystrobin, ßudioxonil, and mefenoxam (Avicta Complete Pak, Syngenta Crop Protection, Greensboro, NC) to minimize the impacts of thrips, nematodes, and seedling disease. A preemergence application of herbicide was made over the entire area for control of summer annual weeds. Tarnished plant bug population levels were sampled weekly in each plot. The number of weekly samples ranged from seven to nine depending on planting date and variety. The later-maturing variety required one more weekly sample than the early maturing variety except for the mid-April planting date in 2011. Rows two, three, six, and seven of each plot were used for sampling tarnished plant bug population levels. During the preßowering stages, tarnished plant bug adult densities were determined by taking 25 sweeps with a standard 38 cm diameter sweep net. Previous research has shown the sweep net to be the most effective sampling method to determine tarnished plant bug population levels during the preßowering period because populations at this time are made up of migrating adults (Musser et al. 2009b) . Furthermore, during the preßowering period, square retention was measured to determine the number of Þrst position squares present per 25 plants in each plot. During the ßowering period, tarnished plant bug densities were determined by taking two drop cloth samples with a 0.76 m black drop cloth per plot. A sample involved laying the drop cloth between two rows and shaking all of the plants from each row within the 0.76 m onto the drop cloth. Previous research determined that the drop cloth is the most effective sampling method to determine tarnished plant bug population levels during the ßowering period, because populations at this time are made up mostly of nymphs (Musser et al. 2007 (Musser et al. , 2009a . Nodes above white ßower were determined by counting the number of main stem nodes above the uppermost Þrst position white ßower as described in Bourland et al. (1992) . Nodes above white ßower counts were used to terminate insecticide applications for each planting date by variety treatment. Russell et al. (1999) found that bolls that have accumulated at least 300 heat units were not damaged by tarnished plant bugs. Therefore, it can be assumed that the last harvestable bolls were safe from tarnished plant bug damage when plants averaged nodes above white ßower 5 plus 300 heat units and insecticide applications were terminated at that point in this experiment. Defoliants were applied to individual treatments when the percentage of open bolls in a particular treatment averaged Ͼ60%. At the end of the season, the center two rows of each plot were harvested, and seed-cotton weights were recorded. In 2010, the harvest date for planting dates one and two was 17 September and the harvest date for planting dates three and four was 8 October. In 2011, the harvest date for planting dates one and two was 3 October, while planting date three was harvested on 14 October and planting date four was harvested on 2 November. Seed cotton yield was converted to kilograms per hectare. Seed cotton yields from untreated plots were divided by seed cotton yields of the corresponding sprayed plots in each replication and subtracted from 1, then multiplied by 100. This was done to determine the yield reduction in the unsprayed plots relative to the sprayed plots that is directly related to tarnished plant bug injury.
Three separate analyses were conducted with tarnished plant bug numbers. Because different sampling methods were used throughout the season, numbers of total tarnished plant bugs were converted to percent of threshold for each sampling method in the Þrst analysis. Thresholds used were 8 tarnished plant bugs per 100 sweeps during the Þrst 2 wk of squaring, 15 tarnished plant bugs per 100 sweeps from the third week of squaring through Þrst bloom, and 3 tarnished plant bugs per 1.52 row meter on a drop cloth throughout the ßowering period (Catchot 2011) .The mean (SEM) percent of threshold was calculated across all planting dates and varieties within a given week throughout the season. Data were analyzed based on calendar week from the date of the Þrst sample taken in the mid-April planting date. This analysis was done to show tarnished plant bug population levels in the sprayed and unsprayed plots throughout the season relative to current action thresholds. Densities in the sprayed and unsprayed plots within each week of fruiting were analyzed with analysis of variance (ANOVA; PROC MIXED, Littell et al. 2006) . Spray treatment was designated as a Þxed effect and replication nested in year was designated as a random effect in the model. In addition, two separate analyses were done for tarnished plant bug numbers. Tarnished plant bug numbers were analyzed during the squaring period, and a separate analysis was done during the ßowering period because different sampling methods were used. Only data from the unsprayed plots were analyzed to show the overall impact of each planting date by variety combination on tarnished plant bug population levels. This analysis was done based on week of physiological stage of cotton plants in each of the planting date by variety combinations rather than calendar week. Data for tarnished plant bug numbers during each growth stage were analyzed with ANOVA (PROC MIXED, SAS Institute, Littell et al. 2006 ). In the model, week of sample, planting date, variety, and the interactions were designated as Þxed effects. For yields, spray treatment replaced week of sample as a Þxed effect in the model. Replication nested within year was designated as a random effect and served as the error term for main plots. Replication by planting date nested within year was random and served as the error term for subplots, while replication by planting date by variety nested within year was also considered random and was the error term for subsubplots and residual error. For the analysis of percent yield loss between the unsprayed and sprayed plots, planting date, variety, and the corresponding interaction were designated as Þxed effects in the model. Replication nested within year was designated as a random effect and served as the error term for main plots. Replication by planting date nested within year was random and served as the error term for subplots. Degrees of freedom were calculated using the KenwardÐRoger method. Differences in means were determined according to TukeyÕs honestly signiÞcant difference (HSD) test and considered signiÞcant at ␣ ϭ 0.05.
Results and Discussion
When averaged across years, planting dates, and varieties, mean tarnished plant bug numbers in the unsprayed plots exceeded the recommended threshold (100%) for most of the season (Fig. 1) . Differences in tarnished plant bug numbers were observed between the sprayed and unsprayed plots during weeks 3 (F ϭ 4.57; df ϭ 1, 61; P ϭ 0.04), 7 (F ϭ 44.33; df ϭ 1, 126; P Ͻ 0.01), 8 (F ϭ 66.88; df ϭ 1, 125; P Ͻ 0.01), 9 (F ϭ 52.00; df ϭ 1, 110; P Ͻ 0.01), 10 (F ϭ 37.59; df ϭ 1, 94; P Ͻ 0.01), and 11 (F ϭ 7.61; df ϭ 1, 61; P ϭ 0.01). Although it appears insecticide applications did not impact tarnished plant bugs during the early season, seasonal mean square retention was 82.5% (Ϯ0.84) in the sprayed plots. In contrast, seasonal mean square retention in the unsprayed plots declined to 78.3% (Ϯ0.84). The threshold for square retention in Mississippi is 80% (Catchot 2011) . During that time of year, the population was likely made up of mostly migrating adults that were moving into and between plots, causing densities to appear similar in sprayed and unsprayed plots within a few days after an insecticide application. Throughout the rest of the season (JulyÐAugust), the population was likely made up of mostly nymphs, and the sprayed plots had lower densities than the unsprayed plots during peak ßower.
No factor impacted the number of tarnished plant bug nymphs collected with a sweep net during the squaring period (P ϭ 0.16 Ð 0.79). Mean (SEM) tarnished plant bug nymph densities ranged from 0.00 (0.00) to 0.25 (0.12) per 25 sweeps during this time. Therefore, the Þnal analysis for tarnished plant bug numbers during the squaring period was done on adults. There was a signiÞcant week of squaring by planting date interaction (F ϭ 6.95; df ϭ 6, 140; P Ͻ 0.01) for numbers of adult tarnished plant bugs in the unsprayed plots during the squaring period (Table 1) . In general, the highest population levels were observed for the mid-May to late-May planting dates. No differences were observed among weeks for the midApril planting date. For the early May planting date, the lowest numbers of adults were observed during the Þrst week of squaring. In contrast, the highest densities of adults were observed during the Þrst week of squaring for the mid-May planting. Adult numbers were signiÞcantly higher for the Þrst week of squaring compared with the second week of squaring, but not the third week of squaring during the mid-May planting. The highest densities in the late-May planting were observed during the third week of squaring.
Variety was the only other factor that had an impact on the numbers of tarnished plant bug adults during the squaring period (F ϭ 8.12; df ϭ 1, 140; P ϭ 0.01). More adult tarnished plant bugs were observed on the early maturing variety compared with the late maturing variety. Mean (SEM) numbers of adults were 4.7 (0.5) and 3.4 (0.4) per 25 sweeps on the early maturing and late maturing varieties, respectively.
Spray was the only factor that impacted the number of adult tarnished plant bugs during the ßowering period (F ϭ 99.80; df ϭ 1, 587; P Ͻ 0.01). Mean (SEM) adult tarnished plant bug numbers were 0.80 (0.07) and 2.05 (0.11) per two drops in the sprayed and unsprayed plots, respectively. Because adult numbers were low and most factors did not impact their densities, only nymphs in the unsprayed plots were included in the Þnal analyses. There was a signiÞcant week of ßowering by planting date interaction (F ϭ 13.36; df ϭ 15, 271; P Ͻ 0.01) for numbers of nymphs in the untreated plots (Table 2 ). In general, tarnished plant bug numbers were higher during weeks 2, 3, and 4 of ßowering compared with other weeks. Numbers of nymphs during the second week of ßowering in the late-May planting were signiÞcantly higher than all other times except the second week of ßowering during the mid-May planting. Although there are a few exceptions, nymph numbers were generally highest during the fourth week of ßowering for the mid-April through mid-May planting dates. Nymph numbers peaked approximately 2 wk earlier (second week of ßowering) in the late-May planting. This is probably because of the fact that the mid-May planting date had higher numbers of adult tarnished plant bugs during the squaring period and little fruit was left on the plants after the second to third week of ßowering.
Variety also had a signiÞcant impact on numbers of tarnished plant bug nymphs (F ϭ 6.11; df ϭ 1, 267; P ϭ 0.01). More tarnished plant bug nymphs were observed on the late maturing variety compared with the early maturing variety. Mean (SEM) numbers of nymphs were 13.3 (0.9) and 15.9 (1.0) per two drop cloth samples on the early maturing and late maturing varieties, respectively.
In 2010 and 2011, the number of foliar insecticide applications required to maintain tarnished plant bug levels below the current economic threshold were lower for the Þrst and second planting dates. Both varieties in the Þrst planting date required only three total applications throughout the squaring and ßow-ering periods. For the second planting date, the early maturing variety required three applications while the late maturing variety required four applications. The third and fourth planting dates required more foliar insecticide applications than the Þrst two planting dates to attempt to reduce tarnished plant bug population levels below the current economic threshold. The early variety in the third planting date required six foliar insecticide applications for tarnished plant bug while the late variety in the third planting date required seven foliar applications for tarnished plant bug control. Both varieties in the fourth planting date required six foliar applications for tarnished plant bug control during the squaring and ßowering period of cotton.
There was no signiÞcant planting date by variety by spray interaction (F ϭ 0.53; df ϭ 3, 56; P ϭ 0.66) for yield. There were no signiÞcant interactions for planting date by variety (F ϭ 1.79; df ϭ 3, 28; P ϭ 0.17), or planting date by spray (F ϭ 1.56; df ϭ 3, 56; P ϭ 0.21) for yield. There was a signiÞcant interaction between variety and spray treatment for yield (F ϭ 15.14; df ϭ 1, 56; P Ͻ 0.01). The early variety yielded signiÞcantly more than the late variety for both sprayed and unsprayed plots (data not shown). In addition, the dif- 2)E 9.4 (1.0)A 4.5 (0.9)C 2 1.1 (0.2)DE 3.1 (0.8)CD 2.6 (0.5)CDE 4.6 (0.8)C 3 2.6 (0.6)CDE 4.1 (1.3)C 8.6 (1.5)AB 6.9 (0.6)B
a Means followed by a common letter are not signiÞcantly different according to TukeyÕs HSD test (␣ ϭ 0.05). ference between the sprayed and unsprayed plots was approximately twofold greater for the late maturing variety than for the early maturing variety. This is explained by the early variety spending less time in the reproductive growth stages than the late variety, which is the most susceptible stage to tarnished plant bug damage. This suggests that when planting a later maturing variety, more insecticide applications will likely be needed compared with an early maturing variety to protect yield potential.
Planting date had a signiÞcant impact on yield when averaged across varieties and insecticide treatments (F ϭ 8.39; df ϭ 3, 21; P Ͻ 0.01). Generally, yields decreased as planting date increased later into the season. Planting date one yielded signiÞcantly more than planting dates three and four (data not shown). Planting date two yielded signiÞcantly more than planting date four. These data suggest that yield potential of cotton planted from mid-April through early May is greater from an agronomic standpoint than planting from mid-May to early June. The early planting dates completed ßowering earlier in the season than later planting dates and did not experience the highest population levels of tarnished plant bugs. In addition, insecticide resistance levels increase as the season progresses and late season populations are also more difÞcult to control (Snodgrass and Scott 2000) . Producers managing tarnished plant bug as their primary pest could beneÞt from planting earlier in the planting window to avoid late season tarnished plant bugs during the critical reproductive stages of the crop.
There was no signiÞcant planting date by variety interaction (F ϭ 0.50; df ϭ 3, 28; P ϭ 0.68) for percent yield loss in the unsprayed plots. Both planting date (F ϭ 19.01; df ϭ 3, 21; P Ͻ 0.01) and varietal maturity (F ϭ 56.21; df ϭ 1, 28; P Ͻ 0.01) had a signiÞcant impact on percent yield loss of cotton because of tarnished plant bug. Planting date four had signiÞcantly higher yield loss because of tarnished plant bugs than all other planting dates (Table 3) . The late maturing variety had signiÞcantly higher yield loss than the early maturing variety (Table 3) . These results are presumably a result of the factors discussed previously including higher tarnished plant bug populations and increasing levels of insecticide resistance later in the season (Snodgrass and Scott 2000) , and the extended ßow-ering period of the later maturing variety.
Similar to Boquet and Clawson (2009) , yield potential was higher at early planting dates and decreased as planting date increased. Furthermore, later planting dates required more insecticide applications to maintain tarnished plant bug population levels below the economic threshold. Mean percent yield loss was also greater for the late maturing variety than for the early maturing variety. Mean percent yield loss was also highest at the latest planting date. Producers have the potential to reduce insecticide applications by planting early and using early maturing varieties to avoid the higher late season tarnished plant bug populations. Reducing the number of insecticide applications also could play a pivotal role in resistance management for tarnished plant bugs. Overall, managing for "earliness" through planting date and varietal maturity selection can maximize yields, reduce insecticide input costs, and make cotton production more sustainable.
